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(54) Chimeric kidney 

(57) Embryonic metanephric tissue which has been 
obtained from a donor at a suitable stage of embryonic 
development is provided for use in a method of mcreas- 
,ng the functioning nephron mass of a recipient by im- 



planting said metanephric tissue next to the recipient's 
omentum or under the renal capsule of the recipient's 
kidney under conditions that allow the metanephric tis- 
sue to vascularize and develop to form urine. 
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Description 



accumulate in the blood. . ka ha ing a convex lateral or external 

,n vsr.eora.es, .he krdneys are ^"^^^ ^J^m, extremi,, The central 
border, and a medial, internal border wh K h ,s concave n he center a ^ ^ ^ ^ 

par, o. the medal border has a eep fissu e a»e h ™ ' < ^ surrounded by a smooln . flbrous capsule 
Thehilum expands in.oacentralcavrty called the ^^""^f^^^^, subaance The medullary, substance 
and is comprised o. an internal ™dullary surno nded I y an external co , ^ ^ ^ ^ 

consists ol stnated conical masses termed ren ip amids '■^^ tlfMmt lies mediately beneath the 
lateral border while their apices converge toward the renal ^ < ^te m *um. 
(ibrou scaps U ,eandarchesoverbaseso.,hepy,am, sane [ ^^T^T^ The human Kidney ,s 
M.toscoptelly. the kidney ,s compnsed o a numbe o unewta ^ ^ ^ 

comprised o. about , .25 million "^^a*;*^ loca ,ed in .he cortical substance which 

and .he renal tubule. The glomerulus ,s a lull of mn f^^°T^ Um the ca ^ ^ The capillaries pin 
is denved trom an artercle cailed the afferent vesse * h J c calted Z capsule o, 

,o form the efferen, arteriole The glomerulus ,s su rounded „ ^ . ( 
Bowman, which is parte! the renal tubule. The rena tub l^s locate d partly ^ ^ ^ 

a convoluted, circuitous course ^^^^l^Xt^ s.raV and dips down fo, a 
convolutions o. .he .ubule disappear As ,. cortical subslance where it again 

^gembryogenesisaherudirne^^ 

,he fifth week of ges.at.on ,n humans dur ng day 12 «J"™^ ^ ducls , caMed ure.eric buds, collect 
mouse development. A, this slage of ^^^ZT^^ ™.aneph,ic blastema. Nu- 
about .heir distal ends, intermediate mesoderm caudal <° ™ m J™ p ™° s » m me su(rountl i„ g mass ol 
merous ou.grow.hs arise from the disfcl en of .he ur re bud which p sh ^ 

, me.aneph,ic blastema and give rise .o .he L°'2Ss nloa ™.he.ubulars,ruc.ureso.,headutt 

rise to .he ure.er and renal peKris. The metanephrro and di „ eren ,ia.ion that occurs in 

rena , .ubule w,.h .he excep.ion o, « .ha. vasculariza.ion ol .he 

melanephric organ culture recapilulates closely .hat whic occurs « K ^ b|00d 

nephron does not take place in .he metanephnc o gan u l ure ^ teff ^^ se ^approximately 35 weeks ol 

, vessels is. in part, extrametanephnc. Humans leTcon.mues for ,he firs. 3 

SITo^ 

^ce,ena l deve to pme„,,scomp,e,e,nonewnephr r a,e r edunde^ 
,o blood tothe olomerulus, where blood plasma is lil.ered through ^J"^^ l0 ^ blood vessels, 
into .he ,ube system where the map, par. ol water an m passes through 

The remaining liquid containing biologically useless materia Is .n a h f°™»**< or Bin J ^ 

the ureter ,o the urinary bladder Urine com*. « Sii-™* 

Ta^cumu^ 

End-slage chronic renal failure in humans afflicts mote than 250.000 '"*» a ^ n ' compounds 
* are,rea,edu,ngdia,ysisEx,ema,hemod,a^ 
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a d™organ,sm,n,beUn,,edS«,esapp— 

td^ 

tnan one day old) which were s.iU iu^, nephr - Wff ^ l, h Lh,me„c kidneys 

were removed Irom the mice l ne aonor n»ue -«fr„r=<>iiaiinn occurred within the donor metanephric 

with.n the nephrons which indicated that pos.-transpla ta.»n «e " a ° "^^ f J' dure lhat was used ,„ 
li5Su e. When adult mice were grafted with p,eces <™» «*- 

lhe neonatal mice. Ihe donor tissue was ^^^^Z^ in mice still undergoes nephro- 

ras (days 15-17) and kidneys Irom newborn rats « 1 a Newborn hosts, the grafts lormed fully 

, a „eous site in the abdominal wall of e .her a ""^^^^^ „os , there was significant 
differentiated glomeruli and tubules by 8 days ^ ^ ^^ ^ p^^ ^2 jays the grafts within the adult hosts 

[i ahnratory Investigation, Vol. 64, No. 5, 1 629 bjy ( yy ) connected to the 

periments where the left kidneys of adult rats were [^^^^^ kidneys , while y rejection was pre- 
o Vol 49- 8-13(1 990)1. Non-immunosuppressed recipients reacted the transplanted Kianeys, 
ventedinrec.pientsimmuna,^ 

A method of .ncreas.ng the nephron mass of a recipient in neea development under 

human metanephric tissue is provkled lor use in xenogeneic :M|Mn ssj oblained 

,o This mention relates to increasing . e nep ron m c an a™™ , m I, ng ^ ^ 

irom an embryonic donor a. an appropriate stage of fetal *™£pmeni e ^ ^ be 

recipient's kidney or into an omenta, ,o, of ^^S^T^M b» the recipient's 

a„e, the melaneph* kidney begins formation ^^^^^^Z^^^lm 
originating Irom inside or outside the metanephrosjl the embank "^'« ua » T' P e Howcw , issue har . 
differentiate into non,enal tissues such as ha„ and gu once ■JJ^^ZS^oonWn more antigen- 

ureteric bud, and primitive nephrons, and will not conta.r ' 9'o^. jes Qf 
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19 day gestation period in mice. In these species, a suitable time frame in which to harvest the donor metanephros of 
mice or rats is betweenMhe second and fourth day after the metanephros begins formation. 

Preferably the metanephros is harvested within 3 days after formation of the metanephros begins. 

In species having a longer gestation period, the time-frame during which the metanephros is suitably harvested 
following its formation, may be longer. Generally, the time frame in which the metanephros is harvested will be less 
than about one fifth of the total gestation period of the donor, preferably less than about one seventh of the total 
gestation period of the donor, and more preferably, less than about one tenth of the total gestation period of the donor. 
Table 1 shows the time-course (in days) of metanephros development and gestational period in some vertebrates. 





Metanephros Formation (days) 


Gestational Period (days) 


Human 


35-37 


267 


Macaque 


38-39 


167 


Pig 


20-30 


114 


Guinea Pig 


23 


67 


Rabbit 


14 


32 


Rat 


12.5 


22 


Mouse 


11 


19 


Hamster 


10 


16 


Chick 


6 


21 



Pigs are preferred xenogeneic donors for humans because of their comparable organ size, and availability. Pig 
metanephroi are harvested at about the 10 mm stage. This occurs between approximately embryonic day 20 and 
embryonic day 30. Human tissue could be used as an allogeneic source for transplantation. 

Metanephroi are removed surgically under a dissecting scope and suspended in suitable medium, such as a 1 :1 
mixture of Dulbecco's modified Eagles Medium and Hams F12 medium (Rogers et al. J. Cell Biol. 113:1447-1453 
(1991), and placed on ice under sterile conditions, until they are transplanted. They should be transplanted as soon 
as possible into the recipient, preferably within one hour after removal from the embryonic donor, and more preferably, 
within 30 minutes. It is preferred to leave the whole metanephros intact for transplantation. One or more metanephroi 
may be used per recipient, .depending upon the increase in nephron mass that the recipient needs. 

Surgery is performed on the recipient to expose one or both kidneys. The donor metanephroi can be implanted 
directly into the recipient's kidney to result in the formation of chimeric kidney, or into a fold of the omentum where it 
forms a chimeric kidney that functions independently of the recipient's kidney. The omentum is a membranous structure 
which connects the bowels. It is a preferred site for the implant, particularly if the implanted metanephric tissue is 
intended to replace a malfunctioning or non-functioning kidney, which will be removed at the time of subsequent to 
implantation of the donor tissue. While a donor metanephros can be placed adjacent to any portion of the omentum, 
it is preferable to implant it in an omental fold which will retain the developing kidney at the site of implantation. It is 
most preferable to implant the metanephros at an omental fold located near one of the recipient's kidneys, particularly 
near the ureter, so that the developing ureter of the metanephros can be readily connected to the recipient's excretory 
system. 

When implanted into the recipient's kidney, an incision, large enough to receive the donor tissue is made in the 
fibrous renal capsule that surrounds the recipient kidney. The location of the incision can be anywhere in a viable 
portion of the recipient kidney, but most conveniently will be at an external border of the kidney that is easily accessible 
during surgery. The donor tissue is placed between the capsule and the cortex of the recipient kidney. 

The implanted metanephroi are allowed to grow and differentiate within the recipient under conditions that allow 
the metanephric tissue to vascularize and develop to form mature, functioning nephrons. Suitable conditions may 
include the use of pre or postoperative procedures to prevent rejection of the implant or the use of growth factors that 
facilitate the development and functioning of the metanephric tissue. 

In some cases of allogeneic transplantation, there may be no host rejection of the transplanted metanephros. 
However, in the case of xenogeneic transplantation, rejection prevention measures must be taken. Typically, this will 
be done by immunosuppressing the recipient after the transplantation. Cyclosporine A (CSA) treatments can provide 
sufficient immunosuppression to prevent rejection of the donor tissue. CSA treatment regimens to prevent transplant 
rejection are known in the medical field. Local immunosuppression techniques are described by Gruber, Transplantation 
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animal antibodies are disclosed to^^^^ 

the xenograft recipient in order 10 bind to ^^^^^^^^m^f^^^M^. 
that bind human anti-pig an.ibod.es, to prevent re,ec. on of anspM p g ^ Vol- 30: 285-291 

Umphocyfe globulins are aiso known .orpreve '° 0 ^ 

Set^^ 

can facilitate development and lunclion of the issue Numero g hav , sm|ar 

development A prelerred growth faclor . ^^^.^S^ Sample, by subcutaneous osmotic 

^hrickidneystrans^^ 

part by the recipient, to form ch.menc kidney^ ^"T^ 1 , he tecipien ,. s kidnoy , ,he metanephro, become 
acceptance ol.ransplanled xenogeneic Issue. ^ 

imbedded into the parenchyma ot the <^*^^t^*^"^^ ,rt ^ 

renal papilla, and ureter. Alter a suftaent period o ' <^™ n ^ ease in the nepnI0n ma ss ol the rec,p,ent. 

plasma. Hence, imptota.ron ol the d ° n ° r me,aneph ' 0i ^ " ^ 

Filtering glomeruli are evidenced by the deleclion o u ne w h ^ (|uj(J may be 

measuring the levels ol urea n.trogen ^^^^ ^ 1 >• U*. * "•«* as " uid 
; contained within one or more cysts >^^*££^£ l £ eventration o. the corresponding 
having a concentration of creatine an*or u ea ^J^-J^ varies , a nd will be reduced with increased 
components found in the recipient s plasma The ™™«™** , |n , he donof mela nephroi will be at least 

hydration of the recip,ent. However, ^^Z Z^^ <* urea n ^ e " *" me,anePhr °' 
twice the eventration found in ^'^Z^^tZ^t,^ nitrogen in the recipient's plasma. 
, will generally be a, leas, fifty percen greater ^•""J^,^ lhe - don or renal tissue of chimeric kidneys 
,„ order to facilitate the external^ o e u. ne tha orrns » ^ ^ ^ wJh 0| 

standard ureter to ureter anastomosis P^^^^^JL o. the recipient, exfernalization of unne 
the recipient kidney. When the melanephroi are implanted into ne pI0Ced u,es. and other proce- 

1 be achteved by linking the urete, direct to the reopen s^rele, or bfcdde^ ^ ^ ^ ^ ^ 
« duress, the a, for. he ex.e^ 

water, elal. Eds. 1 987-994 and 2369-2375 (1986). in so k ^ ^ hos( 

as ,he in,arenal .-ansplan.ed donor k*eys m y ^^^J, ■*"*« « ampleS and "V" 

40 limiting the scope of the invention in any manner. 

rnm pl P < An ^oir. transplantation """»"T hmi intQ host kidney 
Transplantation Methods: 

* Whole me,nephroi. with rena, capsules ^^^^^-^^0^ 

. ° ,6 ^=ct=S 

hall contralateral kidney inlarction ( 1 1/2 NX) ^Z^mT^' and, as would be expected lo, this 
,447 (1991). Transplanted metanephro, w**^™™^^ naphrons, bu, no gbmeruli. When 
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Structural Development of Metanephrol: 

Four or six weeks later kidneys were removed Irom the rats When recipient kidneys were examined post-trans- 
*J^Z££m c"*r fluid surrounded the sites where metanephroi were transplanted under the capsule 
TuNX S I Structures resembling small kkineys approximately 7 mm pOOO urn, in diameter were 
resent unde the cysts and were embedded into Ihe fcrger recipient kidney. Thus, the diamete, of Ihe Iransplar Md 
m!taneohrS 

ISKSSw o. the lissue mass stained with hematoxylin and eosm revealed tha, the structures 
:tXa« Wo the parenchyma ot recipient kidneys, and that clusters ol lymphocytes were present a, the trans- 

Plan M"rlohrans P lan,ed into kWneys ol vehicle-lreated rats tha, had undergone ,» NX underwen, growth de- 
^ZZ ZVZL^ ,n vivo. They contained mature glomeruli and tubules that could be d,s ingutshed from 
gtomeTuI an tubules in adjacent recipient renal lissue by their smaller size and ditferen, staining MM» 
o raffln «t o s stained with hematoxylin and eosin. Blood vessels were present ,n transplanted metanephroi. Some 

!lomlli o rat metanephroi grown ,n organ culture, in which vascularize does not occur. Cysts were present within 
C^^Sd metanephroi that contained structures resembling a 

wereTed wth transitional epilhelium characteristic ol the ureter. Lymphocytes accumu ated arou d the p nphery ol 
"a splante^ metanephroi. but there was no evidence ol reject** ot tubufcr o, vascular e emen.s. Similar growth 
develop^ ^vascularize ol melanephroi transplanted into rats that had undergone UNXo, ,n.o kidneys o, NL 
' alS Me»thrlsplanted into kidneys olCSA.,reatedn/2NX,atswereexam,ned4weekspost.transplantalion. 
ResuTo"u P cMrans7an.a,ions 
lymphocytes were observed. 

Integration of Transplanted Metanephroi into Recipient Renal Tissue: 

To determine whether transplanted metanephroi became integrated into recipient ^ N ^ 
week nest-transplantation were examined. To clear blood from the organ, kidneys were perfused using a rrwdfied 

to the recipient kidney Most likely, this reflects a reduced perfusion in chimeric blood vessels (der.ved from t ansplant 
nn hnrEvsHhat have been shown to supply transplanted metanephroi relative to perfus.on in those supplying 
. and ho j pT» S j^| 2 71 F744 (1 996)) Blood could be traced into the papilla of the recipient 

, 264F996 1 993), which is expressed in collecting ducts of developing rat kidneys prior to birth and <«^ ™** 
oow^ 

and medullary thick ascending limbs of Henle's loop. In recipient kidney tissue, TPL was expressed ,n cort ex wrth n 
IstaTubueand medulla^ thick ascending limb as would be expected. However, TPL was also expresse apop- 
ula ion of collecting ducts wh,ch radiate from the transplanted metanephros into the papilla o the ecpien d ney 
s ItZTLL^s vasa recta wh,ch would be expected to provide their b bod . euppl ™ £ 
collecting system and vasa recta of the transplanted metanephros become incorporated into the papilla of the recipient 
kidney. 

Testing of Chimeric Kidney Function: 

Levelsotureanilrogenandcreatinineweremeasu^ 
„om the bladder ot the 1 1/2 NX veh,cle-,,ea.ed rats using methods described by Rogers ef a [mA^^ 
mi (1993)] Levelsol urea nitrogen were increased 2.6-lold and 15-fold, respectrvely. ,n cyst tluid and bladder ur ne 
e v o blood, and levels ol creatinine were increased 12-lold and 2B-lold, respectively, as shown ,n Tab^2 (A 
a m urmenlsweremade 

described by C W Dunnett. .1 Am Statistical Assoc. 50:1096 (1955)). Thus, both urea nitrogen and creatinine were 
one led'nTys, fluid relalive to blood, induing ^^^^J^^^^Z 
and creatinine in the cyst Md were signilicantly less than Ihe concentrations ,n bladder unne, indicating thai the eyst 
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kidney), is reduced [Aperia et a/., Mvi-fJ^. 228.1319 (1975)]. 



TABLE 2 




Creatinine 

Plasma<cyst fluid, p<0.01 
Cyst fluid<bladder urine, p<0.01 



Bladder Urine Creatinine/ureaN* 



32. 3±5/ 800+72 



UreaN (urea nitrogen) 

Plasma<cyst fluid, p<0.01 
Cyst fluid<bladder urine, p<0.0l 




' , h^i ma\ were transplanted underneath the renal capsule of 1 

inl0 6 week old ou,b,ed UNX pos,-.ransplan,a. to n 

toldsnear the recipients' kidneys. Bec,p,en. rats re « we ^°™™ n ^ ned Th9y had assumed a kidney-like shape 

A.tereweeks.the.ranspfcntedmetanephro^ 

in situ, had intact meters and were a P prox,ma J^" corllca , and medu , la r y .issue were presen 

tubular.or vascular elements. nephrectomy at the time of implantation, little or no growth 

o metanephroj 

Uetanephroiwere— 

srrs:;^^^^ 

„, q ue (in.errup.ed .M suture) between the ureter " ™ ^.eral kedney) was removed tan, host 
been removed. Four weeks la.er all remaining nai ve '^^^^^^piacementof an indwell^ 
rat, »wing which inulin and creatinine— 
50 bladdercatheterandintravenouslineasdescnbdbyM* 
iinemeasurementstorinulinwereperocmedonj^ 

These -background- values were subtracted from measuremen u 0 | all urine remaining in 

nu^nwalgunc^^^ 
me bladder (10-20 pi). Only the but had no transplanted metane- 

5S was made to measure clearances „ rats .ha, ^ ""*^" e ^ , a , s P „ jlh a , (an5p ianled melanephros connected 

that had no transplanted metanephros. 
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Plasma creatinines at the time of measurements (following removal of all native renal tissue) were 1 .3 ± 0.06 mg/ 
dl approximately 3-times normal. Inulin and creatinine clearances were 0.11 ± 0.02 and 0.65 ±0.18 nl/min/l00g body 
weight respectively (mean ± SE). The mean body weight of rats was 238 ± 3.0g. The mean weight of metanephroi was 
71 ± 15 mg The mean volume of urine collected during 3 hours was 49 ± 13ul. Inulin and creatinine clearances in a 
group of 5 normal rats of similar size were 0.92 ±0.14 and 0.84 ±0.12 ml/min/100 g respectively. Results are shown 
in Table 3 below. 

Example 5. Further reduction of host renal mass at the time of implantation or IG F-I administration to host to enhance 
metanephros development 

The weights of transplanted metanephroi into the omentum of rats that had undergone unilateral nephrectomy and 
partial contralateral infarction (further reduction of host renal mass) at the time of implantation were increased more 
than 2-fold (145 vs 71 mg) and inulin clearances expressed per gram of kidney weight were increased more than 
12-fold compared to values obtained in rats that underwent unilateral nephrectomy without partial contralateral renal 
infarction Urine volumes (145 ± 24 ul / 3 hours) were also significantly increased (p<0.005, Student's t test). These 
observations coupled with the finding that growth and development of transplanted metanephroi do not occur if no 
native renal mass is removed at the time of implantation, indicate that the stimulus that results in compensatory renal 
growth following reduction of renal mass (see Miller ef al. Am. J. Physiol. 259:747-741 (1 990)) may also enhance the 
growth and development of transplanted metanephroi. 

In further experiments, metanephroi were implanted into rats that underwent unilateral nephrectomy, using the 
same procedures as described in Example 4, with the addition that beginning at the time of the ureteroureterostomy, 
the rats received continuous infusion of insulin-like growth factor (IGF-I) (60 ug/day/animal recombinant human IGF- 
l; Genentech, So. San Francisco, USA). As shown in Table 3 below, administration of the growth factor enhances inulin 
clearance of the transplanted metanephroi. 



TABLE 3 






Imp/UNX 


lmp/UNX+ 


Imp/IGF 


Normal (2 kidneys) 




(N=7) 


(N=3) 


(N=4) 


(N=5) 


Creatinine (mg/dl) 
Renal mass (g) 


1.3 + 0.06 
0.07 + 0.02 


1.2 ±0.05 
0.15 ±0.02* 


1.2 ±0.05 
0.10 ±0.02 


0.5 ±0.02 
3.16 ±0.06 


Inulin Clearance 
(ul/min/l00g) 
(ul/min/g KW) 


0.11 +0.02 
2.42 + 0.70 


0.97 ±0.33** 
| 30.1 ±8.7" 


0.65 ±0.22*** 
17.1 ±3.5*** 


920 ±140 
750 


Creatinine Clearance 
(ul/min/100g) 
(ul/min/g KW) 


I 0.65 + 0,18 
| 26.7 ±6.9 


I 1.2±0.4 
I 31 .6 ±4.5 


I 3.0 ±0.1"** 
I 77.2 ±10*** 


I 840 ±120 
| 710 



Implant/UNX v. Implant/IGF: *** p < 0.01:™ p < 0.01, Multiple comparison procedure (C.W.. Dunnett, supra). 
KW, kidney weight: UNX, unilateral nephrectomy: UNX+, unilateral nephrectomy plus partial contralateral renal 
infarction. 

Data are mean ± SE. . 



1 Embryonic metanephric tissue which has been obtained from a donor at a suitable stage of embryonic development 
for use in a method of increasing the functioning nephron mass of a recipient by implanting said metanephric tissue 
next to the recipient's omentum or under the renal capsule of the recipient's kidney under conditions that allow the 
metanephric tissue to vascularize and develop to form urine. 

2 Embryonic metanephric tissue containing metanephric blastema, segments of ureteric bud, and primitive nephrons, 
which does not contain glomeruli, which has been obtained from a donor at a suitable stage of embryonic devel- 
opment for use in a method of increasing the functioning nephron mass of a recipient by implanting said metane- 
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S^heltaneph* .issue to vascularize and develop to lorm urine. 

least one whole metanephros with renal capsule intact. 

X to Z development ol blood vessels within Ihe metanephnc tissue 

within 1 to 5 days after metanephros formation. 

within 2 to 4 days after metanephros formation. 

to the intended recipient. 

, The e m ^ OT c m e,anep h „e,;ss U eacco,d m9 ,o a nvo,c,ai m s 1 ,oSw h ete in sa am e,nep hr ic„ss U eisxe„o g eneic 

i to the intended recipient. 

10 . The embryonic metanephnc t,ssue according to claim 9 which is from a pig. 

5 t« snv nf claims 1 to 4 wherein said metanephnc tissue is from a pig 

11. The embryonic metanephnc tissue according to any of claims 
at about the 10 mm stage. 

» a pig ol between about embryonic day 20 and embryontc day 30 

13 . use o, clonic metanephnc tissue ^^^r^'^^"^ 
development in the preparation ot donor metanephnc tissue .tor us . 9 ^ fs 

nephrons, which does not comprise glomeruli, whichha * been oota ^ nephron 

^onicdevelopmentinmepreparattaot^ormea - „, u „ der 9 , he renal capsu ,e ol the 

' donor melanephric tissue lor treating renal disease in a human. 

ol ureteric bud and primitive nephrons but does no. comprise glomeruli 
,7 The use according ,o any one o, claims ,3 to ,6 wherein sa« em^onic me,anephr,c .issue comprises a, ieas, 
50 one whole metanephros with renal capsule intact. 

' development of blood vessels within the metanephnc tissue. 

days after metanephros formation. 
20. The use according to any of claims 1 3 lo 1 8 wherein said embryonic metanephric lissue is obtained within ^ ^ 
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days after metanephros formation. 

21. The use according to any of claims 1 3, 14 and 17 to 20 wherein said embryonic metanephric tissue is allogeneic 
to the intended recipient. 

22. The use according to any of claims 13 to 20 wherein said embryonic metanephric tissue is xenogeneic to the 
intended recipient. 

23. The use according to claim 22 wherein said embryonic metanephric tissue is suitable for the intended recipient 
being a human. 

24. The use according to claim 24 wherein said embryonic metanephric tissue is from a pig. 

25. The use according to claim 24 wherein said embryonic metanephric tissue is from a pig at about the 10 mm stage. 

26. The use according to any of claims 1 3 to 24 wherein said embryonic metanephric tissue is from a pig of between 
about embryonic day 20 and embryonic day 30. 

27. Use of insulin-like growth factor (IGF-I) in the preparation of a medicament for enhancing the growth and devel- 
opment of embryonic metanephric tissue which has been implanted into a recipient. 
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